interdisciplinary research, researchers share more information and coordinate more closely with researchers from various fields, but their research is still guided by their own discipline-specific theories and frameworks. Transdisciplinary research, on the other hand, is a process in which researchers, community members, and policy makers work together using a shared vision and language that draws together scientific, experiential, and contextual knowledge to innovatively address a common complex problem. 4 Although the application of a transdisciplinary research can vary throughout a project, depending on the activities undertaken at different stages along the research time frame, a congruent conceptual framework should guide the research from inception to knowledge translation. 16 
To improve health at the human, animal, and environment interface, defined in this Perspective as One Health, training of researchers must transcend individual disciplines to develop a new process of collaboration. [1] [2] [3] The transdisciplinary research approach integrates frameworks and methodologies beyond traditional academic disciplines and involves policy makers and other members of the community. 4 There is emerging evidence that the transdisciplinary approach will be vital in developing novel solutions for One Health issues. 5, 6 Indeed, complex problems like transmission of infectious agents through food and water supplies, air quality, climate change, and biodiversity loss require a deep understanding of the animal-human-ecosystem interface. 7, 8 To reach this potential, transdisciplinary approaches for One Health research must enhance collaboration among various disciplines and sectors of society [9] [10] [11] [12] [13] and demonstrate added value 14 by generating novel solutions to complex problems. To accomplish this, current silos must be broken down among clinical, biomedical, infectious disease, social sciences, population health, policy, and environmental health research. 7 We contend that academic institutions should play a foundational role in breaking down these silos and facilitating transdisciplinary research initiatives.
The following institutional capacities have been identified as essential for facilitating transdisciplinary research: (1) the promotion of transdisciplinary education opportunities that include communitybased methods, effective communication, and leadership; (2) reduction in conflict and perceived power differentials among disciplines; (3) improved transdisciplinary funding opportunities; and (4) restructuring how researchers are evaluated and rewarded within academic institutions. 6, 9 If these capacities are developed, One Health research using transdisciplinary approaches can lead to fundamentally new conceptualizations of scientific and social phenomena salient to generating sustainable solutions for One Health problems. 10 This Perspective is a call to action for academic institutions to play a foundational role in transdisciplinary research capacity building. We begin by outlining key concepts and methods for building individual and institutional transdisciplinary capacity in order to highlight three value propositions that support the case for improved academic institution capacity for transdisciplinary One Health research. We conclude with three key recommendations to move academic institutions past "research as usual."
The Transdisciplinary Approach
The terms multidisciplinary, interdisciplinary, and transdisciplinary research are often used interchangeably. However, there are significant differences between these research approaches and the outcomes they generate. 15 Multidisciplinary research refers to a process in which researchers from different fields work independently or sequentially, each from their own disciplinary perspectives. 9 In
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A Transdisciplinary Conceptual Framework
A conceptual framework provides a method for organizing ideas and approaches over the lifespan of a research project. Without a shared conceptual framework, members of the transdisciplinary team may take different paths in addressing research objectives, resulting in disjointed outcomes and extended research-to-action timeliness. 6 Numerous examples of conceptual frameworks for transdisciplinary research exist in the literature, 17, 18 but an important unifying theme across frameworks is that transdisciplinary research is not hierarchical; rather, it is structured in its processes and phases. With this structure, the organization and momentum of collaborations in transdisciplinary research programs tend to change as the work proceeds. Further, more attention is paid to how research objectives and methods might need to be adapted over a project's lifespan. Adaptation can be achieved through the inherent feedback loops that guide the transdisciplinary process.
For the purposes of this Perspective, we put forth the framework outlined by Lang and colleagues, 19 which conceptualizes transdisciplinary research as an interface practice, whereby the interface allows for real-world problems to trigger scientific inquiry and mutual and joint learning between science and society. According to this framework, transdisciplinary research is a flexible and adaptive process that requires continual shifting between full transdisciplinary collaboration and reductionist approaches to solve component pieces of the puzzle.
Developing Competencies for Transdisciplinary Approaches
Academic institutions worldwide have the potential to play crucial roles in creating enabling environments for transdisciplinary research: They are by default designed to integrate education and research, they have disciplinary experts who are on the cutting edge of their fields, they exist as part of national and international collaborative networks, and they are linked into national and international funding systems. Above all, academic institutions are focal points for change and innovation.
Despite this potential for creating innovative environments and One Health knowledge platforms, transdisciplinary approaches cannot compete alongside traditional research approaches unless there is a dramatic shift in the design, management, organization, and funding of university research. Without such a shift, One Health risks merely being a rebranding exercise of current siloed approaches that will likely fail to deliver on its goal of improving animal, human, and ecosystem health systems. In the sections below we outline steps that could be taken to improve enabling environments and funding for transdisciplinary research as well as the importance of developing "transmitters" who have the expertise to lead transdisciplinary teams (Table 1) . 2. Create an environment for joint appointments between faculties and disciplines with the express purpose of developing new curricula, task groups, research teams, graduate positions, and postdoctoral fellowships focused on One Health.
3. Ensure that promotion, award, and recognition criteria include transdisciplinary work as meritorious. This must include recognition that transdisciplinary work takes longer to yield results, that research papers are likely to be multiauthored, that high-impact journals tend to focus on disciplinary science, and that the impact of programs can be challenging to metric within university review cycles, especially where long-term sustainability of positive outcomes is the goal. Developing sources of funding 1. Foster networks, professional and research groups, and funding opportunities to identify and provide incentives for leadership in transdisciplinary scholarship locally, nationally, and internationally.
2. Invest in catalyst funding opportunities for new and emerging One Health teams, students, and conference attendance.
3. Advocate One Health funding opportunities from national research organizations that prioritize team science and engagement with communities and policy makers from the beginning.
Training "transmitters" 1. Develop mentorship programs that link individuals from different disciplines together.
2. Provide additional training in research leadership for enhancing transdisciplinary teams that include partnership training, communication, and negotiation skills.
3. Develop advocates and specialists who span disciplines and can articulate the value propositions of economic benefit and the risks and benefits of unintended consequences at all levels of the ecosystem to motivate interest and create a sense of urgency.
a "Transdisciplinary transmitters" refers to experienced researchers who can collaborate across disciplines, have expertise in leadership and partnership that is based on field research, and are also experts within their respective disciplines.
Enabling environments and funding
To create an enabling environment for transdisciplinary approaches to address One Health problems, institutions must conduct a capacities assessment to identify and address gaps in the supportive knowledge platforms and organizational environments. For example, the lack of an academic performance reward structure for transdisciplinary research at academic institutions often discourages team-focused research. 4, 13 Furthermore, historically there has been limited funding for transdisciplinary research projects as many national and international funding agencies preclude allocating money to addressing linkages between disciplines and overly specialized problems. 20 Moving forward, researchers need to be engaged with funders as partners, educating them about and promoting the value of transdisciplinary approaches as an intentional phase of research development. Faculty with transdisciplinary interests should be encouraged to sit on advisory and review granting boards, heightening awareness of the value of the approach. Further, developing internal university peer review teams with transdisciplinary expertise will help new research teams take advantage of these emerging opportunities. Teams also need to be creative in identifying alternate funding sources for transdisciplinary research projects. 21 Recently, Tri Council granting agencies in Canada have made efforts to support team grant and meeting applications, which can be leveraged to bring transdisciplinary teams together. 22 Furthermore, the Eco Health movement and the United Nations Foundation grants, which are inherently transdisciplinary, have highlighted the transdisciplinary approach as a necessary component in addressing complex One Health issues. 23 The lack of existing structures in academic institutions to support transdisciplinary research may require teams to spend more time in collaborative dialogue with various funding bodies. This can result in a heightened awareness of the unique constraints, timeliness, and needs for long-term support. 9, 24 For most academic institutions, mechanisms to build transdisciplinary curricula, learning environments, mentorship, and leadership are still in their infancy. Incentives and recognition for educational scholarship in One Health curriculum development will help to create an environment in which new ways of working together are systematically taught and evaluated for their effectiveness.
The transdisciplinary "transmitter"
We define "transmitters" as experienced researchers who can collaborate across disciplines, have expertise in leadership and partnership that is based on field research, and are also experts within their respective disciplines. We introduce the term to emphasize the importance of developing "real-world" experienced transdisciplinary workers who will guide and advocate transdisciplinary practice in research. Previously naïve collaborators can become additional transmitters and help transdisciplinary One Health approaches become mainstream alongside traditional disciplines. Transmitters are not a new breed of generalists. Rather, they have the unique ability to lead a transdisciplinary team in real-world settings with one overarching conceptual framework that unites individual disciplines for research on a common complex problem.
Current academic programs generally focus on the development of a skill set in one specific discipline and define excellence as mastery of a narrow area. Although individuals' discipline expertise is essential to the success of a transdisciplinary team, leaders must also be able to appreciate and understand what other disciplines can contribute, including alternative methodologies essential for addressing research objectives. As a result, different leadership styles may be required at different points along the project timeline. During the transdisciplinary research process, from the preconception phase throughout the research and knowledge translation stages, a rotatingrole, multileadership model emerges in which the corresponding skill types are used according to what is required at a specific stage during the research project. 25 During the initial development stages, research transmitters need to take a leadership role in championing the ideas and values of the transdisciplinary approach and developing shared conceptual frameworks. As the research progresses over time, the leadership role may require someone with a different skill set. The research transmitters should have the knowledge, skills, and attitudes developed through real-world experiences and expert mentoring to facilitate these multileadership changes.
Unfortunately, training programs and mentors experienced in transdisciplinary One Health at academic institutions designed to create these types of crossdiscipline transmitters are generally absent. We call for the development and implementation of interprofessional, cross-disciplinary educational programs and research projects through which transmitters can gain experience. Key areas for transmitter training include how to facilitate foundational disciplinary knowledge of the One Health approach to complex health challenges at the animalhuman-ecosystem interface, collaborative processes, stakeholder mapping, conflict resolution, cross-cultural and crossdisciplinary communication, knowledge translation and exchange, team building, and management.
Added Value of the Transdisciplinary Approach
To drive capacity building for the development of enabling environments, unique funding opportunities, and transmitter training, the added value of the transdisciplinary approach needs to be explicit. Below we add to the current body of knowledge on how transdisciplinary research adds value through improved sustainability of impact, increased costeffectiveness, and the enhanced potential for mitigating harmful outcomes.
Improving sustainability of impact
We adopt a broad concept of impact sustainability-namely, that One Health approaches should aim to produce positive outcomes that are resilient, productive, and endure over time. These kinds of challenges are more generally addressed by the emerging discipline of Sustainability Science. Lang and colleagues 19 describe three key arguments supporting transdisciplinary research as a foundational strategy to address impact sustainability: (1) The constructive input from various communities of knowledge, relevant disciplines, communities, and governmental levels is incorporated; (2) goals, norms, and visions of the affected communities need to inform intervention strategies; and (3) collaboration between researchers and nonacademic stakeholders increases legitimacy, ownership, and accountability for the identified problem as well as the potential solutions.
Sustainability challenges require the integration of new ways of thinking, producing, and implementing knowledge. The involvement of key stakeholders from outside the academic community is a central component of transdisciplinary research and provides unique and important insights on the appropriateness of potential One Health solutions. Generating sustainable solutions will initially involve a high level of transdisciplinary collaboration in order to define the problem and identify the required approaches. On the basis of pragmatism, individual researchers may then use discipline-specific methods to resolve components of the problem. The transdisciplinary team then integrates all of the discipline-specific information under the overarching conceptual framework to develop sustainable solutions. An example of this emerging approach is the International Livestock Research Institute's (ILRI) "Reto-o-Reto" project in Kenya. 26 This work exemplifies the kind of discipline-boundary-crossing collaborations that we advocate and it demonstrates hybrid local-scientific knowledge generation and application, with a focus on sustainability of outcomes (impact). We propose this approach should be mainstream and fostered by academic institutions.
Increasing cost-effectiveness
Transdisciplinary research capacity will facilitate the investigation of the benefits of cost sharing (allocating costs of the intervention among different sectors according to the proportional benefits) 27 among disciplines during the process of developing, adapting, and evaluating One Health interventions 20, 28 This is especially true for disease control and health promotion efforts in low-to middle-income countries where zoonotic diseases affect food security, household vulnerability, wealth saving, and gender equality as well as the country's broader economy.
14 Transdisciplinary research capacity would facilitate estimating the extent and potential spread of diseases; the cost of zoonotic diseases on livelihood outcomes, national economies, and environments; and identifying factors that prevent the adoption of cost-effective strategies.
14 This type of research would not be possible without academic institutions creating centers of excellence, institutes, or research groups that bring together individuals with the competencies to conduct transdisciplinary research and innovative funding strategies to initiate and maintain research programs over time.
The Human and Animal Health research unit of the Swiss Tropical and Public Health Institute (Swiss TPH) is an exemplary case study for transdisciplinary research. Using a transdisciplinary approach, work in this research unit focuses on the health of mobile populations and zoonosis control in low-to middle-income countries. 10 Researchers are examining the synergistic potential of closer cooperation between the human health and animal health sectors and integration of various levels of knowledge including the added value of indigenous expertise and engaging communities as co-researchers. Particular attention is paid to the added value of human and animal health, the financial savings, and the environmental benefits from collaboration among all involved sectors. This includes the knowledge, goals, and vision of the local community.
Zinsstag and colleagues
5 describe a few cases where the Swiss TPH used transdisciplinary approaches to address One Health problems. For example, Roth et al 27 showed that if the costs of vaccinating livestock against brucellosis were allocated to all sectors in proportion to the benefits, the intervention might be profitable and cost-effective for the agricultural and health sectors. In Chad, Zinsstag and colleagues 1 showed that the combination of both postexposure treatment of rabies-infected human patients and a dog vaccination campaign broke even with cost-effectiveness of postexposure treatment alone after five years, and was more cost-effective after seven years. Schelling and colleagues 29 reported on the success and cost savings of joint vaccination campaigns for livestock and people among nomadic pastoralists. They demonstrated that cooperation between public health, veterinary services, and the community increases accountability, ownership, and legitimacy of these interventions and also results in expanded coverage for essential health interventions for people and livestock in remote rural areas. Throughout these projects, transdisciplinary research skills are institutionalized in the Swiss TPH's learning environment and facilitate the creation of transdisciplinary transmitters.
Mitigation of harmful unintended outcomes
Research and interventions to address One Health problems occur in complex social and ecological systems. As such, there are likely to be harmful unintended outcomes due to the interplay of action and the context of that action. 30 Harmful, unintended outcomes are by their very nature unpredictable, and strategies for mitigation must be based on pairing scientific and contextual knowledge. Transdisciplinary research provides an approach for improving the synthesis of scientific and contextual knowledge, leading to improved consideration and mitigation of harmful unintended outcomes that are known to potentially occur in a variety of areas: physical, psychosocial, economic, environmental, and cultural. 31 Health impact assessment (HIA) provides an example of the importance of transdisciplinary research when planning and implementing policies and interventions. HIA is a means of evidence-based decision making to promote positive outcomes and reduce the potential harm of policies that do not have improvements in human health as a primary objective. [32] [33] [34] The transdisciplinary research process brings scientific, experiential, and contextual evidence to the table. One Health issues such as air pollution and food contamination scares have driven the need for transdisciplinary collaboration to both understand these complex issues and to generate novel approaches to addressing the immediate health threat without generating harmful unintended outcomes. 35 Holistic methods of HIA that are based on a transdisciplinary framework are required to adequately address health, social, and cultural impacts on indigenous communities that are affected by industrialization. 36 Examples of well-meaning interventions generating harmful unintended outcomes include arsenic groundwater contamination in Bangladesh and West Bengal due to a lack of water safety testing 37 and spread of hepatitis C infection following antischistosomal therapy in Egypt that failed to incorporate emerging knowledge of the importance of needle sterilization. 38 Transdisciplinary research approaches would have facilitated the inclusion of wider scientific and contextual knowledge during planning and the continued monitoring of these interventions, which may have led to the mitigation of these long-term harmful unintended outcomes.
Recommendations and Conclusion
To achieve the added value of transdisciplinary approaches for One Health problems, we provide three key recommendations for academic institutions that build on previous work in translational and transdisciplinary research. Translational research, or the idea of "bench to bedside," has been facilitated through programs such as the Clinical and Translational Science Awards. The intent of these awards is threefold: (1) captivate, advance, and nurture a cadre of well-trained multi-and interdisciplinary investigators and research teams; (2) create an incubator for innovative information technologies and research tools; and (3) synergize translational research to promote the application of new knowledge and techniques in clinical practice. 39 Transdisciplinary research requires the development of centers of excellence, such as the Swiss TPH, which have developed a culture of One Health through unique training opportunities and practical collaboration. 7 Our recommendations build on these successes by focusing on creating enabling environments for One Health and transdisciplinary research, training transmitters using real-world-oriented educational programs that break down silos through collaboration across disciplines and nonacademic stakeholders, and the development of novel funding structures for One Health transdisciplinary research. On the basis of these recommendations, we conclude that without a significant shift in academic research capacity and approaches, we run the risk of simply rebranding our current activities as transdisciplinary and, ultimately, failing to achieve the significant added value of transdisciplinary One Health research addressing complex global health challenges evolving at animalhuman-ecosystem interfaces.
